A 1-year retrospective multicentre study was performed to identify factors influencing hospital length of stay (LOS) and mortality of patients (n = 3233) admitted to hospital because of community-acquired pneumonia (CAP). Pneumonia severity index (PSI) high-risk classes (IV and V), positive blood culture, admission to an intensive care unit (ICU), multi-lobar involvement and alcohol consumption were associated independently with prolonged LOS. Tobacco smoking was associated with a reduced LOS. The LOS varied markedly among centres. Only PSI high-risk class, admission to ICU and multi-lobar involvement were associated with early, late and global mortality. Positive blood cultures, antimicrobial therapy according to treatment guidelines and the establishment of an aetiological diagnosis were linked to reduced late and global mortality. These data suggest that early mortality associated with CAP is highly dependent on the clinical status of the patient at presentation. Conversely, late mortality seems to be associated more closely with clinical management factors; hence, an aetiological diagnosis and compliance with appropriate therapeutic guidelines have a significant influence on outcome.
I N T R O D U C T I O N
Community-acquired pneumonia (CAP) remains a significant cause of hospital admission and death. Mortality rates have stabilised at c. 12% since 1950, despite advances in knowledge of this illness, improvements in the management of severe infectious diseases, the availability of intensive care, and the use of potent antimicrobial agents and effective vaccines [1, 2] . Although there are a large number of international guidelines and recommendations concerning the management of CAP, there are also wide variations among centres and clinicians concerning reasons for admission, microbiological testing and therapy, which suggests that physicians do not follow these recommendations uniformly. This is important, since some studies have shown that compliance with guidelines and ⁄ or treatment recommendations is associated with lower mortality in patients with CAP [3] [4] [5] .
Besides treatment, other factors related to patient characteristics and ⁄ or clinical practice have been associated with a poor prognosis and mortality. With some of these factors, several scoring systems have been developed to aid physicians in the assessment of the severity of illness, which should always be used in association with good clinical judgement [6, 7] . Fine et al. [8] identified several risk-factors that were associated independently with mortality, including demographical factors, co-morbidities, findings from the initial physical examination, and laboratory and radiographical findings at the initial examination, from which a predictive outcome rule, based on a pneumonia severity index (PSI), was developed. This 20-variable rule categorised patients into five risk classes, according to their 30-day risk of death, ranging from 0.1% for class I to 27% for class V. In addition to the PSI, other scoring systems, e.g., the five-variable CURB65 and the CRB65 systems (without the requirement for laboratory investigations), have also been shown to be useful tools in predicting the severity of CAP [9] .
Although many factors related to a patient's characteristics cannot be modified, some factors related to clinical practices can be addressed. Therefore, the identification of factors influencing mortality, especially those factors related to clinical management that could be modified, should remain a priority. The aim of the present study was to identify factors influencing hospital length of stay (LOS) and overall, early and late mortality in patients admitted to hospital because of CAP.
M A T E R I A L S A N D M E T H O D S Study subjects
Patients were identified using the International Classification of Diseases, 9th revision (ICD-9), for discharge diagnoses consistent with CAP: a primary or secondary discharge diagnosis of pneumonia (codes 480.0-483.99 and 485-487.0). To ensure the accuracy of this CAP diagnosis, one or two physicians at each centre, who were specially trained for this study, reviewed the medical records of every potentially eligible patient to ascertain the presence of: (i) a new infiltrate on a chest radiograph, compatible with pneumonia and not attributable to another cause, and (ii) an acute onset of signs and symptoms that were suggestive of a lower respiratory tract infection. Patients aged <18 years, those discharged from any hospital in the 14-day period before the current admission or who were transferred from another hospital, those previously discharged directly from the emergency room or transferred to another hospital before the resolution of the episode, or those who had a diagnosis of tuberculosis, were excluded.
Study design
This was a retrospective, multicentre study of patients with CAP who required hospital admission during a 1-year period in ten Spanish university tertiary-care hospitals. All patients admitted to hospital because of CAP between 1 November 2001 and 31 October 2002 were included in the study, and their data were recorded on a standardised case report form. All forms were checked thoroughly by independent reviewers for the accuracy of the data. This audit-like methodology ensured that no data were missed. Clinical information was obtained from the medical charts. Microbiological data were obtained from medical charts and ⁄ or laboratory records. All study data were identified by study subject number and were doubleentered into a computerised database. Accuracy of data entry was verified and discrepancies were corrected by reference to the primary record.
As recommended by the International Guidelines for Ethical Review of Epidemiological Studies (http://www.cioms.ch/frame_guidelines_nov_2002), this study was approved by the Research Ethics Committee of the Hospital Mú tua de Terrassa, Barcelona, Spain.
Analysis
LOS was defined as the time (days) spent in hospital. Excess LOS was defined as the number of days (upper limit of the corresponding 95% CI hazard ratio) over the mean LOS. Early mortality was defined as death from any cause within 2 days of hospital admission, and late mortality as death >2 days after admission. Overall mortality was defined as death from any cause during the hospitalisation period. Pneumonia severity upon hospital admission was estimated using the validated prediction rule, calculated according to the PSI scores, developed by the Pneumonia Outcomes Research Team, as described previously [8] .
An aetiological diagnosis was considered positive (definitive or presumptive) in the following situations: isolation of a respiratory pathogen from a normally sterile specimen; isolation of a respiratory pathogen from a protected specimen brush or bronchoalveolar lavage fluid (bacterial growth of ‡10 3 or ‡10 4 CFU ⁄ mL, respectively); isolation of Legionella pneumophila from sputum samples; a serological test with paired serum samples revealing a four-fold increase in antibody levels; urinary antigen tests positive for L. pneumophila or Streptococcus pneumoniae; and isolation of a predominant microorganism from a validated sputum, bronchial aspirate or tracheobronchial aspirate. Patients for whom no microbiological tests were performed, and patients with negative microbiogical results, were considered to have disease of an unknown aetiology.
For the multivariate analysis, antibiotic regimens considered to be appropriate by the Infectious Diseases Society of America ⁄ American Thoracic Society (IDSA ⁄ ATS) included the use of a b-lactam in combination with a macrolide or a respiratory fluoroquinolone, or a respiratory fluoroquinolone alone at admission [2, 10] . The use of either a b-lactam or a macrolide in monotherapy was considered to be inappropriate.
Univariate associations for proportions were performed using a two-sided Pearson correlation coefficient. Univariate analysis of LOS was performed using the Kaplan-Meier method. Independent prognostic factors for LOS were identified by a stepwise forward Cox regression model, in which all covariates of the univariate analyses were entered. For analysis of mortality, variables were analysed using a forward logistic regression model that included all the variables tested in univariate analyses. A two-sided p value <0.05 was considered to be significant in all analyses. The statistical analyses were performed using SPSS v.15.0 (SPSS Inc., Chicago, IL, USA).
R E S U L T S
In total, 3233 subjects with CAP who were admitted to the study hospitals met the inclusion criteria. The mean age was 66.6 ± 18.5 years (range 18-100 years) and 63.8% of the patients were male. Table 1 shows patient outcomes, grouped according to PSI categories. With the exception of the establishment of an aetiological diagnosis, the variables in Table 1 were more frequent in patients in high-risk classes (IV and V). LOS was longer for patients in high-risk classes (IV and V) than it was for patients in lowrisk classes (I-III). The proportion of patients belonging to each PSI class also varied widely among hospitals, as did the proportion of patients with an aetiological diagnosis, the LOS and the mortality rate (Table 2) .
Presumptive or definitive diagnoses were established for 23.6% (762 ⁄ 3233) of the patients. The pathogens identified most frequently were S. pneumoniae (n = 425, 13.1%), L. pneumophila (n = 68, 2.1%), Haemophilus influenzae (n = 46, 1.4%) and Mycoplasma pneumoniae (n = 38, 1.2%).
Significant differences in the diagnostic techniques used were found between patients who died and those who survived in terms of the proportion of sputum samples cultured (40.0% vs. 18.6%), blood samples cultured (48.4% vs. 41.4%), Legionella urinary antigen tests (39.0% vs. 18.9%) and S. pneumoniae urinary antigen tests (31.6% vs. 14.3%) administered and other respiratory samples cultured (8.7% vs. 13.9%). Paired serological tests and culture of sputum samples were the diagnostic techniques yielding the highest rate of positive results (60.6% and 38.6%, respectively; Table 3 ).
Overall, 22.5% (63 ⁄ 280) of the patients who died had received antibiotics before presentation to the emergency department. This percentage was similar to that for patients who survived (25.1%; 741 ⁄ 2953). No differences among the antibiotics administered were found between the two groups. The most frequent antibiotics administered before presentation to the emergency department were penicillins (279 patients), macrolides (199 patients), quinolones (182 patients) and cephalosporins (128 patients).
Analyses of outcomes
LOS was assessed for all patients except those who died in hospital. Mean LOS was 11.5 days (range 1-111 days), with a median of 9 days (inter-quartile range, 7-14 days). Table 4 shows the mean and median LOS analysed for each variable, deaths, i.e., 96.0% of the total mortality of the series (Fig. 1) . Several variables showed an association with mortality in the univariate analysis (Table 5) . For early mortality, the multivariate analysis indicated that only high-risk PSI classes (IV and V), admission to an ICU and multi-lobar involvement were associated directly with excess mortality. For late mortality, high-risk PSI classes, positive blood cultures, admission to an ICU and multi-lobar involvement were associated with higher mortality. More importantly, following IDSA ⁄ ATS recommendations for empirical treatment of CAP and establishing the aetiology of the CAP episode were both associated with reduced late and overall mortality. Active use of tobacco was also linked to reduced mortality. In patients with an aetiological diagnosis, changes in antimicrobial therapy as a consequence of the microbiological report were significantly more frequent than in patients without an aetiological diagnosis. No differences were found for other factors resulting in a change of antibiotic therapy, e.g., failure of treatment or the occurrence of adverse events (Table 6 ).
D I S C U S S I O N
The present study supports the hypothesis that establishing an aetiological diagnosis for CAP and using empirical antibiotic treatment according to clinical practice guidelines for CAP are associated with reduced late mortality in hospitalised patients with CAP, even after adjusting for potential confounders. An aetiological diagnosis is also a factor favourable for overall mortality.
In the present study, the diagnostic procedures were not the same for patients who died and those who survived. In accordance with IDSA and ATS guidelines [2, 10] , two pre-treatment blood cultures, as well as a Gram's stain and culture of expectorated sputum (the ATS recommends a Gram's stain and culture of sputum only if a drug-resistant pathogen or an organism not covered by the usual empirical therapy is suspected), should be performed. Both guidelines recommend that Legionella urinary antigen should be determined, at least for patients with severe CAP. In the present study, only 48.6% of the patients had pre-treatment blood cultures taken. However, this proportion was the same for those who died and those who survived. Other microbiological studies, including Gram's stain and culture of expectorated sputum, pneumococcal urinary antigen determination and Legionella urinary antigen determination, were performed more frequently for survivors than for patients who died, despite the fact that, in the case of Legionella urinary antigen, guidelines recommend this procedure, especially for patients with severe CAP. A large inter-hospital variability in LOS has been demonstrated previously, and this has been reported to be associated with factors such as PSI risk class, complications during hospitalisation, admission to an ICU, need for oxygen administration, and transfer to a long-term care facility [11, 12] . In the present study, LOS varied markedly among centres, with a minimum of 7.8 days in centre 8 and a maximum of 17.3 days in centre 10. In the multivariate Cox regression model, LOS increased significantly with a PSI high-risk class, the presence of positive blood cultures, admission to an ICU, multi-lobar X-ray involvement, and regular alcohol consumption. Likewise, the individual hospital was an independent factor associated with LOS. In contrast, and surprisingly, active use of tobacco was associated with a reduced LOS. It has been reported previously that alcohol abuse increases the incidence and severity of bacterial pneumonia by depressing the inflammatory response to infection [13, 14] , but not the rate of mortality [15] . There are very few studies that have assessed the influence of smoking tobacco on LOS, but a recent study by Marrie et al. [16] found that cigarette smoking was a factor predictive of ICU admission.
There are several factors that influence mortality among hospitalised patients with CAP. Most of these can be defined as 'patient factors' that cannot be modified. In the present study, PSI high-risk classification, bacteraemia, ICU admission and multi-lobar X-ray involvement were all associated with increased overall mortality, whereas the establishment of an aetiological diagnosis, antimicrobial therapy according to IDSA ⁄ ATS guidelines, and active use of tobacco were associated with decreased overall mortality. When early mortality and late mortality were analysed separately, PSI high-risk classification, admission to an ICU and multi-lobar X-ray involvement were associated independently with both early and late mortality. In contrast, empirical antibiotic treatment according to IDSA ⁄ ATS guidelines, an aetiological diagnosis and active use of tobacco were associated with reduced late mortality, whereas a positive blood culture was associated with increased late mortality.
Several studies have revealed that the use of antimicrobial therapy in accordance with guidelines seems to reduce 30-day mortality among patients hospitalised with pneumonia, especially severe CAP [17] [18] [19] . In the present study, empirical antibiotic treatment at admission according to IDSA ⁄ ATS guidelines was associated with reduced late mortality, although no association was found for early and overall mortality, probably because of the diluting effect of early mortality. This agrees with the results of Marrie et al. [5] , who reported that treatment with levofloxacin alone or with cefuroxime plus azithromycin was associated with decreased late mortality, but not with early mortality. Similarly, it has been suggested [20] that antibiotic therapy is less likely to have an impact in the first few days. The present study was retrospective, so it cannot be stated conclusively that the use of empirical antimicrobial therapy according to IDSA ⁄ ATS guidelines has a significant impact on survival. However, there is no reason to believe that adherence or non-adherence to guidelines is based on the severity of the illness or on some other factor that may influence mortality.
A major finding in the present study was the association of an aetiological diagnosis as an independent negative factor with overall and late mortality, but not with early mortality. To our knowledge, this is the first evidence for the potential impact of an aetiological diagnosis on overall and late mortality. Other retrospective studies have shown that outcome in patients with severe illness is not improved by establishing a specific aetiological diagnosis [21] [22] [23] [24] . However, these studies were not designed specifically to test this hypothesis. Some prospective studies have concluded that identification of the pathogen does not affect clinical outcome [25] [26] [27] [28] , although it might allow better patient management [29] . In contrast, other studies have shown the benefit of microbiological diagnosis [30] [31] [32] . Hence, the finding of Gram-positive diplococci following a Gram's stain correlated with a more rapid response to single-agent antibiotic therapy [31] . The taking of blood cultures within 24 h of admission has been associated with a significant reduction in 30-day mortality [32] . Among cases without an aetiological diagnosis, 274 (11.8%) patients had changes made to their initial antibiotic therapy as a consequence of failure of the antibiotic treatment, the presence of adverse events or the receipt of a microbiological report, as compared with 286 (40.9%) patients with an aetiological diagnosis. When the causes for the change in antibiotic therapy were analysed separately, only the receipt of a microbiological report was statistically significant (1.7% vs. 30.5%; p <0.0001). Overall, 31.2% of patients with an aetiological diagnosis had changes made in their treatment as a result of a microbiological report, which appears to be a higher proportion of patients with antibiotic treatment adjustment when compared with those without an aetiological diagnosis. Unfortunately, the design of this study did not allow conclusions to be drawn regarding the protective effect on mortality of the establishment of an aetiological diagnosis, as this could simply be an indicator of a better process of care in these patients.
Paradoxically, current use of tobacco had a protective effect on mortality. Menendez et al. [33] reported that the incidence of treatment failure in patients with CAP was significantly lower for individuals with chronic obstructive pulmonary disease, and considered that concomitant treatment with steroids in these patients might be an explanation, since some studies have reported a beneficial effect following initial steroid treatment [34] . A retrospective study of patients with bacteraemic pneumococcal pneumonia found that tobacco exposure was a strong independent riskfactor for invasive disease among immunocompetent, non-elderly adults. Further studies are needed to clarify the influence of tobacco use on mortality and LOS in CAP.
The main strengths of the present study were the large sample size, the large number of variables collected from the clinical records, and the accuracy of the data following the efforts of independent reviewers, who monitored 100% of the data of all patients' charts. However, the study has several limitations. First, as with any retrospective study, there is potential for residual confounding; the results should therefore be extrapolated with caution, since retrospective studies are not suitable for hypothesis testing, but only for exploratory analyses. Second, the quality of the data analysed is naturally related to the quality of the medical and nursing records. Nevertheless, the study enabled an audit-like revision to be performed in each participating hospital.
The main finding of this study was that a number of factors were associated independently with prolonged hospital stay and mortality. More specifically, compliance with the IDSA ⁄ ATS guidelines for empirical therapy had a significant impact on late and global mortality, as well as the establishment of an aetiological diagnosis.
In conclusion, the present study suggests that early mortality in CAP is associated mostly with a poorer baseline clinical status of the patient, which also determines the failure to respond to antibiotic therapy. Conversely, late mortality seems to be related closely to microbiological variables, and therefore an aetiological diagnosis and compliance with appropriate therapeutic guidelines are more important in determining the outcome in such cases.
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